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Oligonucleotides with Fluorescent Dyes at 
Opposite Ends Provide a Quenched Probe 
System Useful for Detecting PCR Product 
and Nucleic Acid Hybridization 

Kenneth J, Llvak, Susan J.A. Flood, Jeffrey Marnwo, William Giusti, and Karin Deetz 
Perkln-Dmcr, Applied U|o*y stems Division, Foster City, California 944(14 



: Th« 5' tiucleai* PCR mt*my datnct* tK« 

\ Accumulation of specific PCR product 
1 by hybridization and cleavage of a 
double-labeled fluorogenlc probe 
during the ampliflaitlon reaction* 
The probe Is an oligonucleotide with 
both a raporter fluorescent dye ar*<! a 
quencher dye attached. An Increase 
In reporter fluorescence Intensity In- 
dlcotej that the probe has hybrkllxed 
to the target PCR product and hm% 
been cleaved by the 5'— *3' nude- 
olytlc activity of Taq DNA polymerase. 
In thl* study, probes with the 
quencher dy* Attached to an Internal 
nudeotlde were compared with 
probe* with the quencher dya at- 
tached to the J'-end nucleotide. In all 
cases, the reporter dye was attached 
to the 5' end. All Intact probes 
thawed quenching or the reporter 
fluorescence. In general, probes with 
the quencher dye attached to the 3'- 
end nucleotide exhibited a larger sig- 
nal in the 5' nuclease PCR assay than 
the Internally labeled probes* It Is 
proposed that the larger signal Is 
caused by Increased likelihood u( 
cleavage by Taq DNA polymerase 
when the probe Is hybridized to a 
template strand during PCR. Probes 
with the quencher dye attached to 
the 3' -end nudeotld* also exhibited 
an Increase In reporter fluorescence 
Intensity when hybrldlaed to o com- 
plementary strand. Tlius, oligonucle- 
otides with reporter and quencher 
dyes attached at opposite end* can 
be used as homogeneous hybrldfaa- 



f \ homogeneous assay for detecting 
the HivumnUitluti of specific PCR prod- 
uct that uses a double-labeled fluoro- 
genic probe was described by Leu ct ah 11 ' 
The assay exploits the 5' - ► 3' nucle- 
olytlc activity of Taq DNA poly* 
meiase* 7 - 1 " mid j* diagramed In Figure 1. 
The fluoiogenlc pruhu t'on&istF of an oli- 
gonucleotide ufMb u reporter fluorescent 
dye, *uih «b a fluorescein, attached to 
the 5' eml; and a quencher dye, such as a 
rho clam inc.. Attached internally, When 
the fluorescein Is excited by irradiation, 
Us fluorescent emission will be 
quenched it the jhtnlaiuiiic Is Close 
enough to be excited through the pro- 
cess of fiuore*cciu:e energy translcf 
(H70. H - W During PCtt, if the probe is hy- 
bridized to a template stiarsd, Taq DNA 
polymerase will cleave the probe be- 
cause of Its Inherent V .-v 3* nucleolytic 
activity. If the cleavage occur* between 
the fluorescein and rhodaminc dyes, it 
causes an increase in fJuoicKxiu fluores- 
cence intensity because the fluorescein 
is no longer quenched. The increase in 
fluorescein fluorescence Intensity indi- 
cates Uiut the probe-speciflc I'CR product 
has biren generated. Thus, PET between n 
ie(mitei dye and a quencher dye Is criti- 
cal to the performance of the piube In 
the S ( uuulcdic PCI* assay. 

Quenching is completely dependent 
on the pliyxic&l proximity of the two 
dyc».< w Because of this, It has Ik-ohi as- 
sumed that the quencher dye mudl be 
attached neai the 5' end. Surprisingly, 
we liave found that attaching a rho- 
doitiJtte dye ct the 3' cud of a piolre 



PCR assay. VuHhcrmore, cleavage of this 
type of pn)he. is not required to achieve 
some reduction In quenching,. Oligonu- 
cleotides with a reporter dye on the V 
end and a quencher dye on the 3' end 
exhibit a much higher reporter fluores- 
cence when (tou Die-stranded as corn- 
pared with single-stranded. This should 
make St possible to use this type of dou- 
ble, labeled probe for homogeneous de- 
tection of nucleic acid hybridization. 



MATERIALS AND METHODS 
Oligonucleotides 

Table 1 shows the nucleotide sequence 
of the oligonucleotides used in this 
study. Linker arm nucleotide (LAN) 
phosphoramiditc was obtained from 
OJen Research. The standard DNA plios- 
phoramiditcs, 6-carbojcyfluorcsccin (6* 
FAM) phosphoramldite, o-carboxytet* 
romcthylrhodanilnc succinlmkiyl ester 
(TAKfRA NHS ester), and Phosphalink 
for attaching a IV -blocking phosphate,, 
were oDtaincd ixum Parkin-Elmer, Ap- 
plied hiosystems Division. Oligonucle- 
otide synthesis was performed using an 
AB1 model 394 DNA synthesiser ^Applied 
BlusystemN). Primer and complement 
oligonucleotides were purified using 
Oligu Purification Cartridges (Applied 
Blosysicim). Di/ublc-lulidr.d probes wcTC 
xyntheslrctl with labeled phos* 

pluMdiuidiLc ai the 5* unO, JAN rvpluclng 
* me of the Ts In the sequence, and Phos- 
phalink at the 3* end, Following de- 
piutet-tloii and ethanol pa*clpltatlon» 
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Polymerization 



Primer 



Strand displacement 



Primar 



-3* 
- 5* 



Cleavage 



5"* 



-3* 
■5* . 



Polymerization completed 



- 3* 
■5' 



FIGURE 1 Diagram of 5' nuclease assay. Stepwise representation of me 5' 3' nucteulytk* ac- 
tivity of Taq UNA polymerase acting on a fluorugcnk* protw: during oik* extvmiuii phase of rt;K. 



niM NA-blcart-onaic buffer <pll 9.0) at 
room temperature. Unrcaclcd dye was 

iciiiuvcd by U4a>dge ovet a I'D-10 Scphtl* 

dcx column. Finally, the double-labeled 
probe w« purified by preparative high- 
performance liquid chromatography 
(IIPU:) using an Aquaporc (.:« 220x 4.6- 
mm column with 7-^m particle size. The 
column was developed with a 24*mln 
linear gradient of $-20% acctonttrlU: in 
0,3 m TEAA (trivthylominc acetate). 
Probes are named by designating the se- 
quence from Tabic 1 and the position of 
the IAN-TAMRA moiety. For example, 
probe Al-7 has sequence Al with LAN— 
TAMRA at nucleotide paction ? from the 
y end. 



PCR Sy>tcm> 

All PCR amplifications were performed 
in the Peikin- Elmer GcncAmp PCR Sys- 
tem 9600 using MJ-uJ reactions thai con- 
tained 10 ium Tris-HCJ (pU bYJ), 50 inM 
KC1, 200 fi-M dA'iT, 200 u.m dCJV, 200 jfcM 
dGTP, 400 jim dUTP, 0.S unit of AinpEr- 
ase uracil N*glycosyla*e (Pertcin*Elmer), 



gene (nucleotides 2141-2435 in the se- 
quence of Nakaltma-Iljlma et aI.) (7J *va* 
amplified using punters AFP and AKP 
(Table 1), which are modified slightly 
from those of du [trcull ct ah (m Actln am- 
plification reactions container! 4 niM 
M E&h* 20 ng of human genomic J>NA, 
SO nM Al or A3 probe, and 300 nM each 



TABLE 1 Sequences of Oligonucleotides 



primer. The thermal regimen was S0V. 
(2 mln), 0S,°C (10 min), 10 cycles of 05V. 
(20 ace)/ o°*C (1 win), and hold at 72°C. 
A 515-bp segment was amplified from a 
plasmid that consists ol a segment ol X 
DNA (nucleotides 32,2?XK*?. ( 747) in- 
scrtcd in th« Snral situ of vector pUCl 19. 
These reactions vuutulttitd 3.5 i»m 
MgC 1 nfi uf plasinid UNA, 50 riM P2 or 
PS probe, 200 iim primer PI 19, arid 200 
um piujiej Rll". The thermal rcgJmen 
was WC (2 mln), V5*C (10 mln); 23 cy- 
cle* Of 9$"C (20 3cc), 57"C (1 min) r and 
hold at 72 e G 



fluorescence Detection 

Vov each amplification reaction, a 40-fU 
aliquot of a sample was transferred to an 
Individual well of a white, WLwoN micro, 
titer plate (Perfcin-lUmer). Fluorescence 
waa measured on the Pcrkln-Eimcf Toq* 
Man LS-SOU System, which consists of i 
lumlncsconco spectrometer with plaic 
reader assembly, a 4B5-nm excitation fll». 
ter, and a M.Wim emli*ion filter. Excita- 
tion was at 488 mn using a 5-nm slit 
width. Emission was measured al 518 

nm for 6-1 ?A M (the. reporter or H value) 
and nm for TAWllA (the quencher or 
Q value) using a lO-nm silt width. To 
determine the lnticasc in lepoitei cmlv 
nJoii that \n caused by cleavage of the 
probe during PCR, three normalizations 
arc applied lo the raw envKsiou data. 
Pirst, emission intensity of a buffet blank 
is subtracted for each wavelength. Sec- 
ond, emission intensity of the reporter is 



Name 


lyjie 


FU9 


primer 


K119 


primer 


pa 


probr 


P2c: 


complcmcnl 


PS 


probe 


T5C 


cotnplouicnt 


AKP 


primer 


ARP 


primer 


Al 


probe 


Atn 


complement 


A3 


piobc 


A3f^ 


cunipleiiictjl 



.Sequence*. 



ACCCACAGC5AA<n-0ArCACCACTC 

A*iXj*rcucxrrrcx;Gcc;rr.A(xrnm*Cif; 
i OGO\ f i*j>\cro Aix:c"nx;cu\AccACTp 

CTACrCGrrCGCAACX^TCAfiTAATOCnAIxS 

cuOA'rrrGCTGcrrA'rcrAix^cAACGATp 

rir^TCXrrrXTTCATAC^IAC^AOC^AA* 
TCACCCA CACTGTGCCCATCTACO A 
CACiCCiCMAt ^ ICSCTi, AITOCCVWlTOti 
ATGCCCltXXXX^KJOX^lCCmCOTp 

At^xitiitajA'ixictJvTtxxxitiAtujTx^i'AC 

CGCCCTCCACrrCCAOCAACAOAV!! 
CrATCrcriTGCTCaAAGTCCAGOGrrAC 



Por each oligonucleotide used In.tlili study, the nucleic add >equcnce U given, written in the 
5' > 3' direction. Tbeie are Oner types of oligonucleotide*; TCR primer, fluorog«nJc probe used 
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A 1-26 JU^occei^f^^A'i^^^.^^-cO^ 





C1B nm 


682 


nm 






AflQ 




fWV iMHp. 




no Ump. 


« t*mp. 








A1-5 . 


26 5 tt 2.1 


32.7 i 1,0 


33.2 >t 3.0 


39.2 i 2.0 


0X7 * 0.01 


0,6fl i 0.06 


0.10 d 0.06" 


A1»7 


03.0 4 4.3 


3DS.1 91*21.4 




110-3:* 5-3 


0*0*0.03 


a.s$*o.i7 


31*3*0. 1 ft 


A1-M 


127.0*4.0 


403.3 * td.l 


(00.7 i&.3 


03. 1 i $.3 


It 6 10.03 


4,3410.15 


3.184 0.15 


A1-19 


167.&* 17.0 


4S».7;f 7.7 


70.3 * 7.4 


73.0 * 9.0 


7.67 J O.06 


6.00 AO, tG 


9,13d 0.16 


A1-22 


224. C i 0.4 


49C.L* ± 43.6 


1O0.0 ±4.0 


06^ 10.0 


C2S a 0.03 


5.02 ± 0.1 1 


C77 10.12 


A1~26 


1602 J 0.3 


4i>0 A ltf.4 




w./ ± a.K 




b,01 tO.Utt 


SJflllU.Uti 



flCURt 2 Results of 5' nuclraor nwy «i imparl a£ $-±tilt\ probes with TAMRA At different nude 
odd* position*. As doscrlbod In Materials and Methods, itut amplification* containing the in- 
dicated probes Were performed, and the fluttnuvciice omission was measured at 518 and 582 nm. 
Reported value* are the avcra&c±1 s.a for six reactions nm without added template {no temp.) 
anil six reactions run with template (*i tcjnp,). The RQ ratio was calculated for each individual 
reaction and averaged to give the reporteSfRQ" and MQ 1 valuta. 



divided by the emission intensity uf the 
quencher to give an.RQ ratio for each 
reaction tube. Tills normalizes for well- 
fo-well variations in probe roncentra- 
uon and fluorescence measurcrnenr. Fi- 
nally, o.RQ is calculated by subtracting 
mc KQ value of the nc>- template control 
IRQ") from the KQ value for the win- 
plctc reaction including template 
(RQ 1 ). 

RESULTS 

A series of probes with Increasing dis- 
tances Derween the fluorescein rcporici 
ami rhodamlnc quencher were tested t*> 
investigate the minimum and maximum 
spacing that would give an acceptable, 
performance in the 5' nuclease TCK as- 
jay. Tnese probes hybridize to a target 



.sequence in the human p-octin gene. 
Hfcuic 2 shows the results of on experi- 
ment in which those probes were In- 
cluded in PGR that amplified a segment 
of the K«nti containing the Uigct 

sequciicr- IVifuiifittuce lu the S 1 nu- 
clease I'CU assay is monitored liy the 
m-cignliuctc. of AKQ, which tva measure 
of the increase in reporter nuorexwee 
uiuacd by PCR amplification of the 
probe target. Probe Al-2 ha** ARQ value 
that Is close to rem. Indicating thai the 
probe was not cleaved appreciably dur* 
Ing the amplification reaction. Thif» aug- 
KC^U that with Ihc <jucn<;hcr <3ye on tluf 
sco-md nucleotide from the S' end, there 
b insufficient loom ft>i Tay |>olymcrasc 
to cleave efficiently between the reporter 
and tjucncliei. The olhcr five probes ex- 
hlblted comparable AUQ values lhal ate 



clwrly diffcrcnl from zero. Thus, all fWc 
protnr^ arr hefng cleavrd during VCM am- 
plification loulUng in a similar incr^tr 
J II icportw fluoioccJicc. It xhtml d be 
noted that complete digestion of a probe 
produces a much larger Inaeasc in re- 
porter fluorescence than lhat observed 
In Plgure 2 (data not shown). Thiu, even 
In reactions where ampliation. occun, 
the malority of probe molecules remain 
unclcavcd. It is mainly for this reason 
thai the fluorescence intensity , of the 
quencher dye TAMRA changci lliilc with 
amplincatlon of ihc targpj. This Is whai 

allows us to use the 582»nm fluorescence, 
reading a* a normillxMtlon factor. 

The mngnirunV of UQ" doponris 

mainly on the quenching efficiency in- 
herent in the. specific .srnicture ol the 
probe and the purity of me oligonucle- 
otide. Thus, the larger RQ" values indi- 
cate that probes AM4, AM9, Al-22, and 
Al-26 probably have reduced quenching 
as compared with Al-7, Still, the degree 
of quenching U sufficient to detect a 
highly significant IniTtto.HC In reporter 
fluorescence when each of these probe* 
\& cleaved during TCR. 

To further Investigate the ability of 
TAMRA on the 3' end to quench Cj-PAM 
on the 5' end, three additional pain of 
probes were tested in the 5' nuclease 
PGR assay. Foi each pair, one probe has 
TAMRA attached to nn intcmol nudc- 
tillde and the olhei has TAMRA attached 
rt> the V end nucleotide, The results ate 
shown In Table 2. hor oil three sct\ the 
probe with the 3' quencher exhibits u 
&RQ vaiuc that is considerably f li^Kci 
Uian fc?r the probe with the interna) 
quencher, The RQ" values suggesi Innl. 
dirCerences In quenching arc not as grr.ut 
as those observed with some of the Al 
probes. Theae results demonstrate lhat a 
quencher dye on the 3' end of on oligo- 
nucleotide can quench efficiently the 



TABLE 2 Results of S' Nuclease Assay Comparing l»robc* with T AMRA Attached to an Internal or 3'-terrmnul Nucleotide 
S18 nm "m 





Probe. 


no temp. 


+ temp. 


no icmp. 


+ temp. 


RQ 


RQ' 




a'.: 

the 
ied 
the 


. A3-6 

T2-7 
1*2-27 

l'S-10 
P5-28 


54.6 i 3.2 
72.1 * 2.9 

82.8 a. 4.4 
113.4 2:6,6 

77.5 ± 6J5 
64.0 i 5.2 


84,8 = :i./ 

236.5 i 11.1 

3H4.0± 34.1 
655.4 ± 14-1 

244.4 x i5.9 

333.6 ± 12.1 


116.2=- 6.4 
M.2 * 4.0 

10^.1 X 6.4 
140.7 * 8,5 

86.7 i 4,3 
KX1.6 ± 6.) 


90.2 :l 3.8 

120.4 a- 10.2 
11S.7=:4.8 

9SJI * 6,7 
94.7 Z 6.3 


CM 7 a. 0.02 
0.86 a 0.02 

0.79 a 0.02 

asi ± 0.01 

0.89 * 0,05 
0.63 ± 0,02 


0.73 a. 0.0H 
Z62 i 0.05 

3.19 * 0.16 
4.68 ±0.10 

2.55 ?. 0,06 
3.53 * 0.12 


0.20 ± 0.UA 
1.76 ±0,05 

2.40 * 0,16 

3.88 t 0.10 

1.66 ± 0.08 

2.89 i 0.13 


ill. 








b»nons wi:rr oerfonrjed us described In MdtcrUl «..d MeUtods and in the legend to Fig. 
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fluorescence of a r**prtrter dye on the fi 1 
end. Tin* degree of quenching Is suffi- 
cient fur OttH type of oligonucleotide to 
be used as a probe in the V nuclease PGR 
assay. 

To test the hypothesis that quenching 
by a 3' TAMRA depends on the flexibility 
of tjiG oligonucleotide, fluorescence was 
mcauiiod k*r probes . In the single- 
stranded and double stranded states. Tft* 
hi* A reports (he fluorescence obsefved 
at S18 and 582 iim. The relative degree 
of quenching Is assessed by calculating 
the RQ ratio. )ktr prot>CS With TAMRA 
*-)0 nucleotides from the S' end, there 
Is little difference in the HQ values when 
comparing single-stranded with double- 
stranded oligonucleotides. The results 
for prohes with TAMRA at the 3' end are 
much different. For these probes, hy- 
bridization to a complementary strand 
causes a dramatic Increase in HQ, We 
propose that this loss of quenching is 
caused by the rigid Structure of double* 
Stranded !>NA, which prevents the 5' 
and 3' ends from being in proximity. 

When TAMRA is placed toward the 3' 
end, there Is a marked Wg a 1 effect on 
quenching Flgur* 3 shows a plot of ob- 
served HQ values for the Al series of 
probes as a function of M# 2 * concentra- 
tion. With TAMRA attached near the 5' 
end (prohe Al-2 or Al-7), the RQ value at 
0 niM Mg 2 " is only Slightly higher than 
RQ at 10 him Mg**. I'or probes AM9, 
Al-22, and Al-26, the RQ values at 0 miu 
Mg > J are very hiijh, Indicating a much 



mduccd quenching efficiency. For each 
of tlu-sc probes, thetu h it marked de- 
crease in HQ at 3 him Mg ? * followed by 
u gradual decline as the Mg* 1 wjnccn- 
trution increase! to 10 itim. Piuuc A1-14 
shows an intermediate RQ value at 0 him 
U$ 74 wilh a gradual decline at hlgner 
Mg 7 "* cOtKcnliallwus. In a low-salt en- 
vironment with no Mg a * present, a sln- 
gle-Mrandcd oil^onucUrttlldC would he 
expected to adopt au i-ateudiil confor- 
mation because of electrostatic repul- 
sion. The binding of Mg J+ ions acLs to 
shield the negative charge of the phos- 
phate backbone so that rhe ougoiiucie- 
otide can adopt conformations where 
thtt ;V end is close to the 5 f end. There- 
fore, the observed Mg 2 ' effects support 
the notion that quenching ol a 5' re- 
porter dye by TAMRA at ur near the 3' 
end depends on the flexibility of the oli- 
gonucleotide. 

OfSCUSSlON 

The striking finding of this study is that 
it seems the riiodamlne dye TAMKA, 
placed at any position in an oligonucle- 
otide, can quench the. fluorescent emis- 
sion of a fluorescein (6-l : AM) plated at 
the 5' end. Tills Implies that a single- 
stranded, double -labeled oligonucle- 
otide must be able to adopt conforma- 
tions where the TAMRA is dose to rhe 5* 
end. H Should lie noted that the decay of 
6-l'AM In the excited stale requires a cer- 
tain amount of time. Therefore, what 



TABIC 5 Comparison of PlunrcAcciKc F*ini»»iuxjs uf sin^le-strandcd and 
Douh)e-»tr«ndcd Fluorogenie Pi*obe,% 



518 nm 



58?, nm 





B9 


ds 




Uj 


tt 


<1S 


A1-7 


27.7$ 




61.08 


1311.1 A 


OAS 


0.50 


Al-26 


43.31 


509.38 


i&jsa 


93.86 


'0.81 


5.43 


A3>6 


167S 




39.33 


165.57 


0.43 


0.38 


A.V24 


30.05 


578.(14 


67.7?. 


140.2S 


0.4$ 


3.21 


PZ-'t 


35.02 


70.13 


54.63 


121.09 


0.64 


0.58 






320.47 






0.61 


5.25 


l'S-10 


Z7M 


144.65 


01,95 


165.54 


o.14 


0.87 




3X65 


4<S2.29 






0.46 


4.45 



(.«) Single-stranded. ') "he fluorescence emissions al 518 or 582 nin for solutions containing a final 
concentration of 50 jim indicated probe, lo mM mvifci (pH 8,3), 50 niM KC1. and 10 jiim MgCI^ 
(ds) Doublu-Ktrandpd. Th« solutions contained, In addition, 100 iim AlC for prohrs A1-7 and 
Al-26. 100 riM A3C for probes A3-6 and A3-24, 100 iim l*2C for prnlics KZ-7 and 1*2-77* or 100 nM 
TSC for prober PS-10 and vz-Zn. ttcforc mc a<JdH|oji of MrCI 7i J 20 k.1 of «cli suniplc was ItcatcU 



£026 



matte rn for quenching b not the average 
distance between o-i-AM and TAMRA 
but, rather, how close TAMKA can get io 
6*MM during die lifenme Of the 6-FAM 
excited state. As long as the decay time of 
the excited state is relatively lone; com- 
pared wun the molecular motions of the 
oligonucleotide, quenching can occur. 
Thus, we propose that TAMRA at the 3' 
end, or any other position, can quench 
o-FAM at the V end because TAMRA is In 
proximity to fi*KAM often enough to be 
able to accept energy transfer from an 
excited 6»FAM. 

Details of The fluorescence measure- 
ments remain puzzling. For example, Ta- 
ble 3 shows that hybridisation of probes 
Al-26, A3-24, and PS-28 to their comple- 
mentary strands not only causes a Urge 
increase in 6*FAM fluorescence at 51ft 
urn but also causes a modest Increase in 
TAMRA fluorcsce.nce at S82 nm. H 
Tamra Is being excited by energy trans- 
fer from quenched 6-rAM, then loss of 
quenching attributable to hybridization 
should cause a decrease In the fluores- 
cence emission of TAMRA, The fact that 
the fluorescence emission of TAMRA In- 
creases indicates that rhe situation Is 
more complex. For example, we have an- 
ecdotal evidence thar the bases of the 
oligonucleotide, especially G, quench 
the fluorescence of both 6-FAM and 
TAMRA to some degree. When double- 
stranded, base-pairing may reduce the 
ability of the bases to quench. The pri- 
mary factor causing the quenching of 
e*->AM in an intact probe is the TAMRA 
dye. Kvidcncc for the Importance of 
TAMRA is that 6 KAM fluuiuscence 
remains relatively unchanged when 
probes JabuKxi only with 6-l : AM are used 
in the 5' nuclease PCR assay (data not 
shown). .Secondary effectors of fluores- 
cc-nce, both before find afiei cleavage of 
the. probe, need to be. explored further. 

Regardless of the physical mecha- 
nism, the relative independence of posi- 
tion and quenching greatly simplifies 
the design of probes for the S' nuclease 
TCR aaxay. There are three main factors 
that determine the performance of a 
double -labeled fluorescent probe in the 

nuclease PCll away. The first factor is 
the degree of quenching observed In the 
intact probe. Tills Is characterized by the 
value of RQ' ( which is the ratio of re- 
porter to quencher fluorescent cmis 
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dyes used, .spacing between reporter and 
quencher dyes, nucleotide sequence 
context effects, presence of structure or 
ulhei faciuis Uiul induce flexibility of 
ihe oligonucleotide, and purity of the 
probe. The second factor is the efficiency 
uf hyhiidizalkJil, which depends Oil 
probe 7" m , presence of secondary struc* 
lure In probe or template, annealing 
temperature, and other reaction condi- 
tions. The third factor li the efficiency at 
which Taq LWA polymerase cleaves the 
bound probe between the reporter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween probe and template as shown by 
tile observation thai mismatches in the* 
segment between reporter and quencher 
dyes drastically reduce the dcava^v uf 
probe.'*' 

The rise in RQ' values for the Al se* 
rics of probes seems to indicate that the 
degree of quenching is reduced some- 
what as the quencher is placed toward 
the 3' end 'ihe lowest apparent quench- 
ing Is observed for probe Al-19 (sec Fig. 
3) rather than for the probe where the 
TAMRA Is at the 3' end (ai-zoj. i his is 
understandable, as the conformation of 
the 3' end position would be expected to 
be less restricted than the coniormatioTi 
of an internal position. In effect, a 
quencher at the 3' end is freer xo adopt 
conformations clow to the 5' reporter 
dye than . Is an internally placed 



probes, the interpretation of RQ. values 
is less clear-cut. The A3 probes show the 
same trend as Al, with the 3' TAMRA 
piobe having a laiger RQ" than ihv.ltt* 
ternal TAMRA probe. For the P2.pali, 
lx>lh probes have about the same RQ" 
value. For the PS probes, the RQ for the 
3' probe, is less than tor the internally 
labeled probe. Another factor that may 

explain some of the. observed variation 
that purity affect? the RQ~ value. Al- 
though alt J J robes are HPLC putified, a. 
small amount of contamination with 
unquenched reporter can have a large ef- 
fect on HQ . 

Although there may be n modest ef- 
fect <>n decree of quenching, the posi- 
tion of the quencher apparently umi 
have a large effect on the efficiency of 
piubc cleavage, The most drastic effect is 
observed with probe A 1-2, where place* 
mcnt of the TAMRA on the second nu- 
cleulldt; trdui.es the efficiency of cleav- 
age to almost zero. For the A3, I»2, and PS 
probes, ARQ Is much greater for the 3' 
TAMRA prohtts as compared with the in- 
ternal TAMRA probes. Tills is explained 
most easily hy assuming Umi ptobes 
with TAMRA at the 3' end are more likely 
to be cleaved between jepoiiet and 
quencher than are probes with TAMRA 
attached internally. Tor the A1 probes, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARQ does 
not increase when the quencher is 

nlnrpcl rtntor to tUv .V find. This UlU5- 



9X0© 



Z0S6 



trates the importance of bring ahlr to 
use probes with h quencher on tho V 
end in the S' nuclease PGR assay. In thl» 
assay, an increase In the intensity of re- 
porter fluorescence is observed only 
when the probe is cleaved between ihe 
reporter and quencher dyes. By placing 
Ihv luporlur and quLMichui dyes on the 
opposite ends of an oligonucleotide 
probe, any cleavage that occurs will be 
detected. When the quencher Is uttuehed 
to uti luiurnal nucleotide, uumuthsn-s (Jiu 
probe work^ well (A 1-7) and uthu-r Uiiiea 
not so well (A3-6). Tlic relatively poor 
performance of probe A3-6 presumably 
means the probe U being cleaved 3' to 
tho quencher rflthor than between the 
rppnrtpr and quencher. Therefore, the 
best chance of having a probe that rcli- 
ubly detects accumulation of PGR prod- 
uct in the 5' nuclease VCM assay is to use 
a prohe with The reporter and quencher 
dyes on opposite t»n*k. 

Placing the quencher dye on the 3* 
end may alao provide a slight bonefU In 
terms of hybridization efficiency. The 
presence of a quencher attached to an 
Internal nucleotide might he expected to 
disrupt UKse-pairing mid reduce the T m 
of a probe, in fact, a 2 n (V3V, «tdu<:tKin 
in T m has been observed for two probes 
WiUl iiUeuially atudied TAMRA.i.'^ Hii* 
disruptive effect would be mini mired by 
placing the quencher at the 3' end. Thus, 
probes with 3' quenchers might exhibit 
»li&htly higher hybridisation efficiencies 
Umil piobeS wiUi internal quenche)*. 

The combination of increased cleav. 
age and hybridisation efficiencies means 
that probes with 3* quenchers probably 
will be more tolerant of mismatches be- 
tween probe and target os compared 
willi internally labeled probes. Tins tol- 
erance of mismatches can be advanta- 
geous, aa when trying to use o single 
probe to detect PCR-amplified products 
from siiiiiplKw uf different species. Also, It 
mean's that cleavage of probe during PGR 
is less sensitive to alteration* in AlV 
ncaling temperature or other reaction 
conditions. The one. application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination. Iu*c 
ct al. (,) demonstrated that allele-speciflc 
probes were cleaved between reporter 
and quencher only when hybridized to a 
perfectly complementary target. This al- 
lowed them to distinguish die normal 
human cystic fibrosis allele from the 
AFSOB mutant. Their probes had TAMRA 
attached to the seventh nucleotide from 
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figure 3 Effect of Mg a ' concentration on RQ raiio for the A3 series of probes. The fU«arttt;ct«iu* 
emission intensity a\ 51 R and 582 nm was measured for solutions containing SOiim probe, JO mM 
Trift-lICI.fpH 8.3), 50 mM *(C3 ( and varying amounts {0 10 mM) of MsCJ*. The calculated RQ 
ratios (.si a nm Intensity divided by 5K2 nm intensity) arc plotted vs. MrCIj concvnrr<»ti*«i («»m 
Mr). The key (wfper right) shows the probes examined. 
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dyes used, spacing between reporter and 
quencher dyes, nucleotide sequence, 
context effects, presence, of structure or 
other factors that reduce flexibility of 
the oligonucleotide, and purity of the 
probe. The second factor is trie efficiency 
of hybridization, which depends on 
probe 7* m , presence of secondary struc- 
ture In probe or template, annealing 
temperature, and other reaction condi- 
tions. The third racror is the efficiency at 
which Taq UNA polymerase cleaves the 
bound probe between the repurter and 
quencher dyes. This cleavage is depen- 
dent on sequence complementarity be- 
tween probe and template as shown by 
the observation that mismatches in the 
segment between reporter and quencher 
dye* drastically reduce the cleavage of 
prohe. <l> 

the rise in RQ values for the Al se- 
ries of probes seems to Indicate that the 
degree of quenching is reduced some- 
what as the quencher is placed toward 
the 3' end. The lowest apparent quench- 
ing is observed for probe AM 9 (sec Fig. 
3) rather than for the probe where the 
TAMRA is at the 3' end (Al-26). This is 
understandable, as the conformation of 
the y end position would be expected lo 
be less restricted than the conformation 
of an internal position. In effect, a 
quencher ar the 3' end is freer lo adopt 
conformations close lo the 5' reporter 
dye than. Is an internally placed 
quencher. For the other three sets of 

no® 



probes, the interpretation of RQ' values 
is less clear-cut. The A3 probes show the 
same trend as Al, with the 3' TAMRA 
probe having a larger RQ" than (ho in- 
ternal TAMRA probe. For the 92 pair, 
both probes have ahout the same RQ 
value. For the P5 probes, the RQ* for the 
3' probe is less thou fui the inlcinMly 
labeled probe. Another factor that may 
explain some of the observed variation Is 
that purity affects the RQ" value, Al- 
though all probes are HPLC purified, a 
small amount of contamination with 
unquenched reporter can have a large ef- 
fect on RQ . 

Although there may bo ft modest ef- 
fect on degree of quenching, the posi- 
tion of the quencher apparently can 
have a large effect on the efficiency of 
probe cleavage. The most drastic effect is 
observed with probe Al-2, where place* 
ment of the TAMRA on the second nu- 
cleotide reduces the efficiency of cleav- 
age to almost icro. For the A3, P2, and PS 
probes, ARQ Is much greater for the 3' 
TAMRA probes as compared with the in- 
ternal TAMRA probes. This Is explained 
most easily by assuming that probes 
with TAMRA at the 3' end are more likely 
to be cleaved between reporter and 
quencher than are probes with TAMRA 
attached internally. Por the Al proles, 
the cleavage efficiency of probe Al-7 
must already be quite high, as ARQ docs 
not increase when the quencher is 
placed closer to the 3' end. This Illus- 



trates the importance of behifi able to 
use probes with a quencher on the 3' 
end In the V nuclease I'CK assay. Ia this 
assay, an increase in the intensity of r« 
porter fluorescence Is observed only 
when the probe is cleaved between the 
reporter and quencher dyes. My placing 
thv reporter and quencher dy«* on tha 
opposite ends of an oligonucleotide 
I 'rube, any cteauugy that occurs will be 
detected. When the quencher lx attached 
to liUc-uial nticleotldy, frvuicthiu^ the 
probe works well and other times 

not so well (A3-6). Hie relatively poor 
performance of probe A3-6 presumably 
means the probe is belnn cloavcd 3* lo 
the. quencher rather than between the 
reporter and quencher. Therefore, the 
best chance of having a probe that reli- 
ably detects accumulation of PCR prod- 
uct in the 5' nuclease VCR assay 1st to use 
a probe with the reporter and quencher 
dyes on opposite ends. 

Placing the quencher dye on the U' 
end may. also provide a slight benciit in 
terms ol hybridization efficiency, 'ihc 
presence of a quencher attached to an 
internal nucleotide mi^L be expected to 
disrupt base-pairing and reduce the T tn 
of a probe. In fact a 2*C-3*C reduction 
in r ro bdA been observed for two probes 
with internally attached TAMRA This 
disruptive effect would be minimised by 
placing the quencher at the V end. Thus, 
probes with 3' quenchers might exhibit 
xlightly higher hybridization efficiencies 
than probes with internal quenchers. 

The combination of increased cJeav- 
age and hybridization efficiencies means 
that probes with 3' quenchers probably 
will be more tolerant of mismatches be- 
tween probe and target as compared 
with internally labeled probes. This tol- 
erance of mismatches can be advanta- 
geous, as when trying to use a single 
probe to detect PCR-amplified products 
from samples of different species. Also, it 
means that cleavage of probe during PCR 
is less sensitive to alterations In an- 
nealing temperature or other reaction 
conditions. The one application where 
tolerance of mismatches may be a disad- 
vantage is for allelic discrimination. Lee 
et al. ( * } demonstrated that allclc-speclhc 
probes were cleaved between reporter 
and quencher only when hybridised to a 
perfectly complementary target. This aU 
lowed them to distinguish the normal 
human cystic fibrosis allele from the 
AFSOS mutant. Their probes had TAMRA 
attached to the seventh nucleotide from 



30R3 



Z0S6 091 6*6 XVd 8S:M Z002/S0/ZT 



From : BML 



PHONE No. : 310 472 0905 



Dec. 05 2002 12: 19RH P09 



fcwrchillll 




th« .V end and w<?ro designed so that any 
mismatches were between the reporter 
arid quencher. Increasing the distance 
bcitwaan reporter and quencher would 
lessen the disruptive effect of mis- 
matches and allow cleavage of the probe 
on the incorrect target. Thut, probes 
with a quencher attached to an internal 
nucleotide may still be ucoful {or allelic 
discrimination. 

In this study loat of quenching upon 
hybridization was used to show that 
quenching by a 3* TAMRA bt dependent 
wu the flexibility of a sln£lc«stranded oli- 
gonucleotide. The Increase in reporter 
fluorescence intensity, though, could 
also l>« uied to determine whether hy. 
brldlzation has occurred or nor. Thus, 
oligonucleotides with reporter and 
quencher dyes attached at opposite end* 
should also be useful as hybridization 
probes. The ability to delect hybrldb&a* 
rlon in real time means that these probes 
could be used to measure hybridization 
kinetics. Also, this type of probe could tie 
used to develop homogeneous hybrid- 
iration nssayi for diagnostic* or other ap- 
plications. Bagwell Ct al. (J0) describe just 
this type of homogeneous assay where 

hybridization of a probe causes an In- 
crease In fluorescence caused by a loss of 
quenching. However, they utilized a 
complex probe design dial requires add- 
ln$ nucleotides to both ends of the 
probe «cqu«nct> to form two Imperfect 
hairpins. The results presented h«e 
deniunsuate that the simple addition of 
a reporter dye to one end of an ollgonu* 
c.lcotlde and a quencher dye to the olhci 
ond generates a fluorogonlc probe that 
can detect hybridization or I'CH amplifi- 
cation. 
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